Design of a pullout machine for testing of concrete and analysis of the pullout resistance of metal anchors embedded in concrete. by Vall Giménez, Guillem
  
  
 
 
TESI DE MÀSTER 
 
Màster 
 
Màster en Enginyeria de Camins, Canals i Ports. 
 
 
Títol 
 
Design of a pullout machine for testing of concrete and analysis of the 
pullout resistance of metal anchors embedded in concrete  
 
 
Autor 
 
Guillem Vall Gimenez 
 
 
Tutors 
 
Eva Oller Ibars 
Jan Zatloukal 
 
 
Departament 
 
Enginyeria de la construcció 
 
 
Data 
 
30 June 2014 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
Abstract 
 
Title: Design of a pullout machine for testing of concrete and analysis of the pullout 
resistance of metal anchors embedded in concrete. 
Author: Guillem Vall Giménez. 
Tutor: Eva Oller Ibars. 
External tutor: Jan Zatloukal. 
 
 
This master thesis deals with the design of a pullout machine for testing concrete and 
the bond between embedded steel reinforced bars and the surrounding concrete.  
First of all, after collecting the existing published information, a state of art was 
performed. Based on an introduction to nondestructive methods of testing concrete to 
further focus in the pullout test. Metal anchors and the bond between concrete and 
steel reinforced bars was also studied 
The most important task of the master thesis was the design of a pullout machine to 
study the tensile capacity of metal anchors embedded in concrete with short 
embedment depths. The purpose of the machine was to apply a pullout force of 200 kN 
to a steel reinforced bar with a head embedded in a concrete block. 
The pieces of the machine were constructed in a workshop and the assembly and the 
final welds were done in the Experimental Centre in the Faculty of Civil Engineering of 
the Czech Technical University.  
After the assembly of the pullout machine an experimental campaign consisting of six 
tests was performed. All tests they were composed by concrete blocks and steel 
reinforced bars with the same dimensions and the only changing element between them 
was the diameter of the head. 
During the test campaign successful and useful results were obtained. With these 
results, taken from the measurement devices assembled to the machine, an analysis and 
a comparison between the different tests was done showing very similar performance. 
  
  
Resum 
 
Títol: Disseny d’una màquina “pullout” per assajar formigó i anàlisi de la resistència a 
l’arrencament d’ancoratges metàl·lics embeguts al formigó. 
Autor: Guillem Vall Giménez. 
Tutor: Eva Oller Ibars. 
Tutor extern: Jan Zatloukal. 
 
Aquest Treball Final de Màster tracta del disseny d’una màquina “pullout” per assajar 
formigó i l’adherència entre ancoratges metàl·lics i el formigó circumdant. 
Primer de tot, després de revisar la informació publicada existent, es va elaborar un estat 
de l’art basat en una introducció als mètodes no destructius per assajar formigó, per 
centrar-se en la prova de “pullout”. També hi va haver una recerca sobre ancoratges 
metàl·lics i sobre l’adherència entre el formigó i les barres d’acer armat. 
La tasca més important del treball va ser el disseny d’una màquina “pullout” per estudiar 
la capacitat de tracció d’ancoratges metàl·lics embeguts en formigó amb profunditats 
d’encastament curtes. L’objectiu de la màquina era aplicar una força de tracció de 200 
kN a una barra d’acer armat amb un cap incrustat a un bloc de formigó. 
Les peces de la màquina es van construir en un taller i el muntatge i les soldadures finals 
es van realitzar al Experimental Centre de la Faculty of Civil Engineering de la Czech 
Technical University. 
Després del muntatge de la màquina “pullout” es va dur a terme una campanya 
experimental conformada per sis assajos. Tots els assajos van ser realitzats a blocs de 
formigó i barres d’acer armat de les mateixes dimensions i l’únic element canviant entre 
els diferents assajos va ser el diàmetre del cap de la barra. 
Durant la campanya experimental van haver-hi assajos amb resultats molt útils i 
satisfactoris. Amb aquest resultats, trets del la instrumentació de la màquina, es va 
realitzar un anàlisi i una comparació entre els diferents assajos mostrant característiques 
molt similars entre ells. 
  
  
Resumen 
 
Título: Diseño de una máquina “pullout” para ensayar hormigón y análisis de la 
resistencia al arrancamiento de anclajes metálicos embebidos en el hormigón.  
Autor: Guillem Vall Giménez. 
Tutor: Eva Oller Ibars. 
Tutor externo: Jan Zatloukal. 
 
Este Trabajo Final de Máster trata del diseño de una máquina “pullout para ensayar 
hormigón y la adherencia entre los anclajes metálicos y el hormigón circumdante . 
Primero de todo, después de revisar la información publicada existente, se elaboró un 
estado del arte basado en una introducción a los métodos no destructivos para ensayar 
hormigón, para centrarse en la prueba “pullout”. También hubo una búsqueda sobre 
anclajes metálicos y sobre la adherencia entre el hormigón y las barras de acero armado. 
La tarea más importante del trabajo fue el diseño de una máquina “pullout” para 
estudiar la capacidad de tracción de los anclajes metálicos embebidos en hormigón con 
profundidades de empotramiento cortas. El objetivo de la máquina era aplicar una 
fuerza de tracción de 200 kN a una barra de acero armado con una cabeza incrustada en 
un bloque de hormigón. 
Las piezas de la máquina se construyeron en un taller y el montaje y las soldaduras 
finales se realizaron en el Experimental Centre de la Faculty of Civil Engineering de la 
Czech Technical University. 
Después del montaje de la máquina “pullout” se llevó a cabo una campaña experimental 
conformada por seis ensayos. Todos los ensayos fueron realizados a bloques de 
hormigón y barras de acero armado de las mismas dimensiones y el único elemento 
cambiante entre los diferentes ensayos fue el diámetro de la cabeza de la barra. 
Durante la campaña experimental hubo ensayos con resultados muy útiles y 
satisfactorios. Con estos resultados, sacados de la instrumentación de la máquina, se 
realizó un análisis y una comparación entre los diferentes ensayos mostrando 
características muy similares entre ellos.    
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CHAPTER 1: INTRODUCTION 
 
 
1.1. Introduction  
 
In this master thesis is going to be studied the pullout resistance of metal anchors 
embedded with short depth lengths in concrete. In the normative and in the codes of 
headed studs there are too conservative methods (the inclination of the breaking cone 
it is known that it’s much bigger than the expected in the code) and it is going to be 
studied more realistic and economic ones.  
It is also being to be studied the influence of the head diameter of the metal anchors 
embedded in concrete has in the pullout resistance. 
In order to perform this analysis with specific embedment length of the steel reinforced 
bar and with specific size of the head, a specific testing plan will be designed. To 
undertake these tests a pullout machine will be calculated and sketched for further 
construction. 
After the fabrication of the pieces of the machine it will be assembled and put into 
operation in the Experimental Centre in the Faculty of Civil Engineering of the Czech 
Technical University. 
A test campaign will be carried out and further results will be obtained. Once obtained 
the results an analysis will be done followed by the final conclusions. 
 
1.2. Objectives  
 
The objectives of this master thesis are summarized in the following list: 
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- Research on the topic of nondestructive methods and pullout test. 
- Checking of the normative of pullout test and metal anchors. 
- Study of the bonds between concrete and steel. 
- Design of a pullout machine. 
- Construction and assembly of the machine. 
- Study of the constructed machine with photographic survey. 
- Testing campaign with the pullout machine with photographic survey. 
- Obtaining and analysis of the results from the test campaign. 
- Study of the influence of the head diameter. 
- Obtaining of final conclusions 
 
1.3. Master thesis content  
 
The contents of this master thesis may be briefly described as follows: 
- Chapter 2: Nondestructive testing of concrete and pullout test 
o This chapter provides a theoretical background to the nondestructive 
testing of concrete focusing in the pullout test of concrete and its failure 
mechanism and stress state. 
It also provides information about the metal anchors embedded in 
concrete in the pullout test, focusing on the classification in the 
normative and the modelling with finite elements. 
 
- Chapter 3: Bonds in pullout test 
o This chapter provides an overview of the work done by researchers in the 
bond field, with concentration on the bond mechanism and the 
comparison between the steel-to-concrete bond in a pullout test, 
depending if the reinforced bar is a plain bar or a deformed bar with ribs.  
It also provides information about pullout bond failures, the relation 
between bond and cracking and the modelling of the bond. 
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- Chapter 4: Machine for the test 
o This chapter provides the details about the machine constructed and 
used for doing the pullout test. There are specifications about the 
dimensions of all the pieces as well as the different kind of connections 
between them. 
It also provides information about the choice and the purpose of the 
forming parts of the machine. 
 
- Chapter 5: Experimental methodology 
o This chapter provides information about the elements to test in the 
campaign and the preparations before it like the assembly of 
measurement devices and the bomb. 
It also provides a description of every test done and if they have reached 
their purpose. 
 
- Chapter 6: Results and analysis 
o This chapter provides information about the successful tests. It shows the 
results from the measurements from the crater as well as from the 
measurement devices. 
It also provides an analysis of the results obtained. 
 
- Chapter 7: Conclusion 
o This chapter gives the final conclusions extracted from all the master 
thesis. 
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 CHAPTER 2: NONESTRUCTIVE TESTING 
OF CONCRETE AND PULLOUT TEST 
  
  
2.1. Introduction  
 
In the purpose of studying the tensile capacity of the embedded headed anchor stud by 
a pullout test, it is important to have a theoretical background about the nondestructive 
testing of concrete (which include the pullout test).  
Once introduced in the topic we will be able to focus on the metal anchors embedded 
in concrete, to finally talk about the analysis in 3D Finite Element Method.   
   
- 2.2. Nondestructive testing of concreteONDESTRUCTIVE TESTING OF 
CONCRETE[JDZ1] 
-  
Nondestructive testing or Non-destructive testing (NDT) is a wide group of analysis 
techniques used in science and industry to evaluate the properties of a material, 
component or system without changing permanently the physical, chemical, mechanical 
or dimensional properties of the materials.  
The nondestructive testing methods are widely used in testing of steel with recognized 
results, but the testing of concrete it’s still under evolution. It is only used for specific 
problems but not as an integral solution for a complete analysis. The reason of this 
slower development is, unlike steel, the nonhomogeneous composition of the material. 
The use of nondestructive methods on concrete has sometimes given disappointing 
results, that’s why some of them they have to be still improved. 
 - 21 - 
 
There are two kinds of nondestructive methods: 
- Methods that estimates the strength. Such like surface hardness, penetration 
resistance, pull-off, break-off or pullout. 
- Methods that estimates moisture, density, thickness resistivity and permeability. 
Such like stress wave propagation, ground probing radar or infrared 
thermography techniques. 
The basic principles if the nondestructive methods are: 
- The required depth on penetration into the structure. 
- The vertical and lateral resolution required for the anticipated targets. 
- The contrast in physical properties between the target and its surroundings. 
- Signal to noise ratio for the physical property measured at the structure under 
investigation. 
- Historical information concerning the methods used in the construction of the 
structure. 
In this master thesis we are focus on the nondestructive methods that estimates the 
strength, particularly the pullout test. 
 
 2.3. Pullout testULLOUT TEST 
-  
2.3.1.1) [JDZ2]Introduction to pullout test   
 
The pullout test is a nondestructive method that measures the force needed to pull and 
embedded metal insert with and enlarged head from a concrete mass. With a previously 
established relationship, the pullout load is used to estimate the in-place compressive 
strength of the concrete. 
The pullout test consists on a metal shaft and head inserted in concrete with a pullout 
force applied on them. There is a bearing ring on the surface of the concrete that makes 
a reaction in the opposite direction of the pullout force. That causes a fracture surface 
as can be easily seen in the Figure 2.1X. 
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Figure 2.1X.: Pullout test scheme[JDZ3].  
Source: Handbook of nondestructive testing of concrete. 
 
The idealized relationship between the diameter of the head “d”, the diameter of the 
bearing ring “D”, the fracture surface angle “α” (also called apex angle) and the shaft 
insert depth “h” is the following:  
2𝛼 = 2𝑎𝑟𝑐𝑡𝑎𝑛𝑡𝑎𝑛−1
𝐷 − 𝑑
2ℎ[JDZ4][WR5]
 
 
2.3.2.2) Failure mechanism and stress state 
 
The pullout test applies a static load to the concrete, however it’s difficult to calculate 
the stress distribution due to coarse aggregate particles and the difficulty of the 
concrete failure criterion. Nevertheless it is agreed that the pullout test subjects the 
concrete to a no uniform three dimensional state stress and there is stress concentration 
at the edge of the insert head.  
The nonlinear finite elements analysis [JDZ6]revealed that in fact there are two cracks in 
the concrete during the pullout test. 
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Figure 2.2X.: Finite element model showing the two cracks[JDZ7].  
Source: Hellier (1987). 
 
The first crack propagates at a greater apex angle “α” than the extracted conical 
fragment. The second crack defines the eventual shape of the extracted fragment. 
Although there is no agreement on the ultimate failure mechanisms, it is agreed that 
the ultimate pullout load is governed by the same strength properties that govern the 
compressive strength of concrete. 
The relationship between pullout strength and compressive strength is needed to find 
the in-place strength. 
The Pullout failure is a failure by sliding out the fastening device or parts of it from 
concrete without the breaking out of a fairly substantial portion of the surrounding 
concrete. 
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 2.4. METAL ANCHORSetal anchors 
-  
2.4.1.3.1) Introduction of metal anchors 
 
The metal anchors for use in concrete serve for connecting 2 specimens (concrete and 
steel) by embedding the anchor in concrete in a determined depth. The metal anchors 
are guided by the ETA (European Technical Approval).  That guideline asses the use of 
metal anchors in cracked concrete and non-cracked concrete. 
The anchorages have to be designed and built in such a way that the loadings to which 
they are subjected during use won’t lead to any of the following: 
- Collapse of whole or part of the workstructure 
- Major excessive deformations to an inadmissible degree 
- Damage to other parts of the works structure or to fittings or installed equipment 
as a result of major deformation of the load-bearing construction 
- Damage by and event to an extent disproportionate to the original cause 
The installed anchors have to sustain the design loads in tension and shear which they 
are subjected providing: 
- An adequate resistance to failure (ULS: Ultimate Limit State) 
- An adequate resistance to displacements (SLS: Serviceability Limit State) 
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Figure 2.3X.: Installed metal anchor.  
Source: ETAG 001 part 1. 
 
  
2.4.2.3.2) Types of anchors 
 
The anchors are placed in the concrete by drilled holes and then anchored by three 
different methods: 
2.4.2.1. 3.2.1)Expansion 
 
Anchors are anchored by expansion by a tensile force applied to the anchor and 
transferred to the concrete by friction and some keying between an expanded sleeve 
and the concrete.  
The failure load depends on the design of the expansion mechanism, method of drilling 
the hole, condition of the drilled hole, and deformability of the concrete. 
The depth of the embedment can control the type of failure. 
There are 2 types of expansion anchors: 
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- Torque-controlled anchors: the expansion is achieved by a torque acting on the 
screw or bolt. The intensity of the anchorage is controlled by this torque. 
The functioning depends significantly on the internal friction between cone and 
sleeve which is influenced by the geometry as well as the hardness and surface 
roughness of cone and sleeve. 
 
Figure 2.4: X. Torque-controlled expansion anchors.  
Source: ETAG 001 Part 1. 
 
- Deformation controlled anchors: the expansion is generally achieved by impacts 
acting on a sleeve or cone. Expansion is achieved by the action of installing the 
anchor and tension forces are transferred into the concrete mainly by friction. 
The value of expansion is not intended to change by loading the anchor. 
Anchors are installed in cylindrical drill holes by hammer blows or by percussion 
machine. 
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Figure 2.5:X. Deformation controlled expansion anchors.  
Source: ETAG 001 Part 1. 
 
 
2.4.2.2. 3.2.2)Undercutting  
 
Anchors are anchored by undercutting mainly by mechanical interlock provided by an 
undercut in the concrete. The undercutting can be achieved by: 
- Hammering or rotating the anchor sleeve into a drilled undercut hole. 
- Driving the anchor sleeve on to the tapered bolt in a cylindrical hole either by 
hammering or turning. The concrete is mostly cut away rather that compressed. 
- Screwing the anchor into a pre-drilled cylindrical hole. The special thread of the 
anchor cuts an internal thread into the concrete member while setting. Only 
concrete screws with a thread over the entire anchorage depth are covered. 
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Figure 2.6X.: Undercut anchors.  
Source: ETAG 001 Part 1. 
 
2.4.2.3. 3.2.3)Bonding  
 
Bonded anchors are anchored in drilled holes by bonding the metal parts to the sides of 
the drilled hole with a mortar (resin mortar). Tensile loads are transmitted to the 
concrete via bond stresses between the metal parts and the mortar, and the mortar and 
the concrete face of the drilled hole. 
 
 
 - 29 - 
 
 
Figure 2.7:X. Bonded anchors.  
Source: ETAG 001 Part 1. 
 
2.5.3.3) 3D Finite Elements Method analysis of anchor bolts with large 
embedment depths 
 
In the analysis of anchor bolts a lot of experiments and theoretical studies have been 
carried out to better understand the crack growth and to predict the concrete cone 
failure load for different embedment depths.  
However the majority of the experiments are performed with embedment depths 
among between 50 and 500 mm. That means that the headed studs with large 
embedment depths (very frequently used in practice, but with too expensive 
experiments) need alternative techniques for obtaining their failure capacity. 
The solution is numerical analysis. A three-dimensional finite element analysis of 
anchors pulled out from a concrete block is carried out using a finite element code based 
on the microplane model. This model can be applied for embedment depths up to 1500 
mm. 
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In the microplane model the material is characterized by a relation between stress and 
strain components on planes of various orientations. These planes may be imagined to 
represent the damage planes or weak planes in the microstructure, such as those that 
exist at the contact between aggregate and the cement matrix. 
 
Figure 2.8:X. (a) Discretization of the unit volume sphere for each finite element 
integration point and (b) microplane strain components.  
Source: Bazant (1988). 
 
The numerical results compared with available test data and current design 
recommendations show several things: 
- The concrete cone capacity for large anchors and small heads shows good 
agreement with the linear elastic mechanic formulas, but for anchors with larger 
heads the numerical results indicate higher resistance than predicted by the 
formulas. 
- The numerical study confirms the strong size effect on the concrete cone 
resistance. By increasing the head size, the size effect on the failure capacity of 
anchors decreases. 
- The available test data for anchors with larger heads confirm the tendency 
observed in the numerical study. Pullout resistance increases with increase of 
the head size.[JDZ8] 
- Current formulas for anchors with large embedment depths are conservative. 
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CHAPTER 3: BONDS IN PULLOUT TEST 
 
 
 
3.1. Introduction  
 
In the study of the cracks in a pullout test it is very important to focus on the relationship 
between the concrete and the steel. The bond between them is the responsible for 
transferring stress from the bar to the surrounding concrete. 
Bond of reinforcing bars in concrete affects the behavior of reinforced concrete 
structures in different aspects. It plays an important role in concrete cracking behavior 
(crack width/spacing) and tension stiffening, and influences the anchorage of bars and 
the strength of lap splices, and hence controls the ultimate load-carrying capacity. 
This bond behavior depends on many parameters as pull-out resistance, geometry of 
the concrete member, placing of the bar in the member section, cover splitting, the 
order of bond crack appearance, Ultimate failure crack pattern formation and bond 
stress distribution along the anchorage length and confinement by concrete and 
surrounding reinforcement. 
The two most important aspects two main aspects have to be considered, the force 
transfer system between reinforcement and surrounding concrete and the concrete 
capacity to resist these forces. Force transfer can be achieved in different ways 
depending on the different stages of specimen loading, the first means of force transfer 
being the chemical adhesion between the cement paste and reinforcement, this is 
normally followed by friction and other mechanical actions activated at different stages. 
The transfer system contribution to load-carrying relies strongly on the surface texture 
of reinforcement and its geometry (deformed bar with ribs or plain bar). It also depends 
generally on the failure mode anticipated based on the boundary conditions for a 
specific test. 
The determination of bond behavior is a complex problem. 
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In this chapter it will be explained the bonds in the two kind of reinforced bars and its 
corresponding bonds with the surrounding concrete: the plain bar and the deformed 
bar. 
 
3.2. The bond mechanism 
 
The bond mechanism is considered to consist of three mechanisms: chemical adhesion, 
friction and mechanical interlocking between indentations of reinforcement bars and 
concrete, Figure 3.1. The bond resistance resulting from chemical adhesion is usually 
very small and often lost after initial slip.  
 
Figure 3.1: Idealized force transfer mechanisms.  
Source: modified from ACI (1992). 
   
The bond forces in pullout test are balanced by ring tensile stresses in surrounding 
concrete. The bond stress 𝜏𝑏 has the radial bond stress component 𝜏𝑏𝑟. 
Equation by Tepfers: 
                                               
                                                 tgbbr *  
Bond generates shear stresses along the anchored bar. For plain bars this shear strength 
is low and failure happens by pulling out the bar. If the shear strength is so high, as it is 
for deformed bars, that the principal tensile stress generated by the shear reaches the 
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tensile strength of concrete, cracks will appear and give rise to radial splitting forces 
from bar surface.  
These splitting forces will be balanced against rings of tensile stresses around the bar 
and may crack up the concrete cover, Figure 3.2.  
 
Figure 3.2: Schematic representation of how the radial components of the bond forces 
are balanced against tensile stress rings in the concrete in the anchorage zone.  
Source: Tepfers (1973). 
 
At this cracking slip between bar and concrete increases and make the bond stresses 
evenly distributed. Then load usually can be increased until an ultimate splitting crack 
pattern is formed and the concrete around the bar splits away by the bond pressure. 
Here the worst possible case, usually edge bar placement, has to be studied.  
For some geometries of surrounding concrete, appearance of cover cracks along bar 
may result in failure. This crack along the bar should not appear at serviceability stage, 
because it may initiate corrosion. 
For determination of maximum bond resistance of bars at different conditions it is 
necessary to determine the pull-out resistance in a centric pull-out test. The cracking 
resistance of the concrete cover should be estimated in a pull-out tests with eccentric 
placement of bar. Also an estimation of the bond at formation of Ultimate failure crack 
pattern can be done. 
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3.3. Cracks 
 
The quality of bond depends on propagation of cracking. Cracks influence the layout of 
stresses near reinforcement. The existence of stresses transverse to the reinforcement 
enable the existence of the friction. 
As it can be seen in Figure 3.1.c the inclined forces resulting from the bearing action of 
the ribs make it possible, however, to continue to transfer forces between the 
reinforcement and the concrete. This implies that bond action generates inclined forces 
which radiate outwards in the concrete. The inclined stress is often divided into a 
longitudinal component, denoted the bond stress, and a radial component, denoted 
normal stress or splitting stress, as it can be seen in Figure 3.3: 
 
Figure 3.3: Bond and splitting stresses between a deformed bar and the surrounding 
concrete.  
Source: Magnusson (1997). 
 
If the tensile stress becomes large enough, longitudinal splitting cracks will form in the 
concrete. Another type of crack that is directly related to the bond action are the 
transverse microcracks which originate at the tips of the ribs, as it can be seen in Figure 
3.4. These cracks are due to the local pressure in front of the ribs, which gives rise to 
tensile stresses at the tips of the ribs. These transverse microcracks are also called bond 
cracks. 
 - 35 - 
 
 
Figure 3.4: Longitudinal (radial) cracks and transverse cracks.  
Source: Magnusson (1997). 
 
There can be transverse cracks or radial (longitudinal) cracks, Figure 3.4. In cases of large 
radial (longitudinal) cracks, the radial pressure on the reinforcement may disappear, 
which lead to the loss of bond interaction. This can also happen, if reinforcement starts 
yielding. Due to the Poisson´s effect narrowing of bars increase rapidly after yielding. 
 
3.4. Plain bars 
 
As it has been said before the bond mechanism depend on the chemical adhesion, the 
friction and the mechanical interaction between concrete and steel. In plain bars the 
bond depends mainly on chemical adhesion and after slip on friction. There is also some 
interlocking due to the roughness of the bar surface.  
In the anchorage zone the stresses, even when slip and separation are taken into 
consideration suggest that additional transverse cracks and splitting cracks are very 
probable. This means that there will be radial bond forces capable of splitting the 
concrete cover. 
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Figure 3.5: Deformations of concrete around steel reinforcing plain bar after formation 
of internal cracks.  
Source: Lutz (1970). 
 
3.5. Deformed bars with ribs 
 
In deformed bars with ribs the bond depends mainly on mechanical bond. The effect of 
chemical adhesion is small and friction does not occur until there is slip between bar and 
concrete. At this point it is obvious the importance of the effect of the ribs. 
Deformed bars with ribs can slip due to two ways: 
- The ribs can split the concrete by wedging action. 
- The ribs can crush the concrete. 
The slip is due almost entirely to the crushing of the concrete in front of the ribs. As it 
can be seen in Figure 3.6, it is important the face angle of the ribs (given with respect to 
the bar axis). When the concrete is crushed into a “compacted powder” it becomes 
lodged in front of the ribs. That causes a reduction of the rib face angle (now called 
crushed concrete face angle. If the reduction is too big the movement becomes 
independent from the rib face angle producing transverse and longitudinal cracking in 
the surrounding concrete. 
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Figure 3.6: Geometry of a deformed reinforcing bar and the mechanical interaction 
between the bar and the concrete.  
Source: Lutz (1967). 
 
The force transfer in the case of deformed bars with ribs is governed by bearing of ribs 
against the concrete keys after breakage of adhesive elastic bond. These keys transfer 
the bearing forces to concrete up to a certain magnitude before crushing/shearing of 
concrete. These bearing forces are inclined to the bar axis, and decomposing these into 
parallel and normal components to the bar axis and summing the parallel ones will yield 
the bond force. The normal (radial) compressive components cause radial (splitting) 
cracks if the circumferential tensile stresses violate the concrete tensile strength. 
Ribbed bars generate high splitting forces and therefore require larger concrete cover 
or considerable confining reinforcement for pull-out failure to occur. However the 
increase of bond resistance provided by ribbed bars will reduce the transfer length and, 
hence, crack spacing and width. 
 
The relative rib area coefficient: 
The relative area coefficient, also called the bond index (𝑓𝑅), takes into account the 
importance and influence of rib height and spacing. It is the quotient of the axial 
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projected area of the rib and the circumferential area of the bar and it’s calculated with 
the following formula: 
𝑓𝑅 =
𝐴𝑅
𝜋 ∗ 𝑑𝑅 ∗ 𝑠𝑅
 
Where 𝑑𝑅 is the diameter of the bar and 𝑠𝑅 is the spacing between ribs. 
The method used can be seen in Figure 3.7: 
 
Figure 3.7: The rib geometry and the method to calculate the relative rib area 𝑓𝑅 for 
ribbed bars. 
Source: European Standard ENV 10080 (1994). 
 
From this method it can be noticed that it is possible to change the height and the 
spacing of the ribs without influencing the bond behavior if the coefficient remains 
constant. 
 
Slopes of internal cracks: 
The slopes of internal cracks are often from 45⁰ to 80⁰. That indicates the inclination at 
which the compressive forces leave the ribs of the deformed bar and spread out into the 
concrete. The slope also depends on whether the ribs are lateral, diagonal or wavy to 
the axis of the bar. The slopes of internal cracks would be different if the test specimen 
were an anchorage specimen. The dimensions of the surrounding concrete will also 
influence the slope. 
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In Figure 3.8 it can be graphically seen the influence of the ribs in the cracking of the 
concrete: 
 
Figure 3.8: Deformation of concrete around steel reinforcing bar with ribs after 
formation of internal cracks.  
Source: Goto (1971). 
 
In conclusion bond forces spread from the ribs of the deformed reinforcing bar out into 
the surrounding concrete. The ribs can split the concrete without crushing it if the 
surrounding concrete resistance is small (geometrical dimensions of the concrete are 
small). When the concrete resistance is larger crushing occurs and the angle “α” (Figure 
3.2) between the principal compressive bond stress and the bar axis changes. The angle 
“α” is also dependent on the direction of the ribs in relation to the bar axis. The 
maximum value is reached when the ribs are lateral and decreases with rib inclination 
towards the bar axis. 
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3.6. Bond failure modes 
 
Bond failure modes depend on a variety of physical and mechanical factors, such as 
confining pressure, concrete cover, transverse reinforcement and concrete toughness 
which is the basis of crack cohesion. 
There are two types of failure: 
- Pull-out failure: when concrete keys are sheared off and a sliding surface is 
created around the bar (assuming sufficient confinement to prevent splitting). 
Hence, the force transfer system changes from rib bearing to friction and further 
loading will smoothen the sliding interface resulting in decreased bond stress 
(Figure 3.9.a).  
- Splitting failure: the bond capacity vanishes if the radial cracks propagate 
through the entire concrete cover (loss of confinement) (Figure 3.9.b, Figure 
3.9.c and Figure 3.9.d). 
 
Figure 3.9: Modes of bond failure: (a) pull-out; (b) splitting-induced pull-out 
accompanied by crushing and/or shearing-off in the concrete below the ribs; (c) 
splitting accompanied by slip on the ribs faces; and (d) splitting (radial) cracks.  
Source: Anderson (1992). 
   
In Figure 3.10 it can be seen the bond stress-slip relationship for pullout failure as well 
as for splitting failure: 
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Figure 3.10: Schematic bond-slip relationship: (a) pull-out failure; (b) splitting failure. 
 
3.7. Comparison between plain bars and deformed bars 
 
To summarize and to see the differences between the bond of reinforced steel bars to 
concrete whether the bar is plain or deformed it’s important to focus on the bond 
mechanism stages. 
- First stage: in the first stage the behavior between plain and deformed bars is 
very similar. This stage is known as elastic bond and refers to chemical and 
physical adhesion and to interlocking between cement stone and microscopically 
rough steel surface.  
- Second stage: in the second stage there is no longer an elastic bond and there 
are big differences in the behavior between the plain and the deformed bar. The 
plain bar maintains the bond stress while the displacement is increasing. 
However the deformed bar continues increasing the bond stress while the 
displacement is as well increasing. 
The comparison of the bond behavior between plain and deformed bar can be easily 
seen in Figure 3.11:  
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Figure 3.11: Comparison of the relation between bond stress and displacement for plain 
and deformed bars.  
Rehm (1961). 
 
3.8. Finite Element modelling of the bond 
 
Finite Element modelling is the solution for solving the complexity of the bond between 
concrete and the reinforced bar. The discretization of the continuum system in finite 
elements enables computer systems to process operations and solution techniques very 
quickly and taking into account all the factors affecting the process. 
The Finite Element modelling helps to solve this major problems existing of the bonding 
between concrete and the reinforced steel bar: 
- Two different materials (steel and concrete) with three-dimensional stress state. 
- Steel-to-concrete interface is affected by various behaviors, like bond slip and 
dowel action, and by different geometry at the interface. 
- Cracking as a result of violating the concrete tensile strength will induce a 
continuously changing structural system. Taking into account that due to the 
variation of concrete tensile strength not all cracks form at the same load level. 
- The non-linear stress-strain relationship of concrete, which depends on many 
variables including time-dependent effects, that complicates the formulation of 
specific failure criteria. 
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Bond analysis models assume that reinforced concrete is a three phase material 
consisting of the steel reinforcement, the surrounding concrete and an interface layer 
around the bars. All the properties contributing to bond behavior are assume to be 
concentrated in this third phase. 
 
3.9. Conclusion 
 
As it has been seen the bond behavior between concrete and the reinforced bar 
depends on so many factors and it’s so complex that it needs the implementation of a 
Finite Element Method analysis. Overall to compute the angle “α” between the direction 
of the bond forces and the bar axis. 
The bond behavior is a key to know the propagation of cracking and it is essential to 
incorporate prediction and influences of cracks into numerical models. The Finite 
Element Method will help to predict the maximum pullout loads and the bond stress 
profiles for the pullout test. It also will help to predict the bond response and cracking 
patterns. 
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CHAPTER 4: MACHINE FOR THE TEST 
 
 
4.1. Introduction  
 
In order to analyze tensile capacity of an embedded headed anchor stud in concrete it 
has been carried a pullout test. One of the purposes of this master thesis it has been the 
design of a machine to carry out this pullout test. 
The pieces of the machine have been constructed in a workshop and assembled in the 
Experimental Centre in the Faculty of Civil Engineering of the Czech Technical University. 
In all the beams and plates of the pullout machine the steel used was S235JR. 
 
4.2. Design  
 
The final design of the pullout machine used for the test has been the following: 
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Figure 4.1: Final design of the machine.  
Source: Own elaboration. 
 
And in the following picture it can be stated the similarity between the design and the 
machine already assembled: 
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Figure 4.2: Final state of the machine.  
Source: Own picture. 
 
The design of this pullout machine has been based on the tensile force that the machine 
has to apply to the reinforced bar and its consequences. The consequences of the 
applied force are stresses that machine has to resist and displacements that the machine 
has to limit.  
The tensile force that the machine has to apply as a pullout force is 200 kN: 
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Figure 4.3: Tensile force applied to the reinforced steel bar.  
Source: Own elaboration. 
 
The machine consists in several parts which its purpose is to transfer the tensile force 
applied to the steel reinforced bar in the lower part of the machine to the upper part of 
it, and then transfer the force from the upper part of the machine to the concrete block 
surrounding the steel bar, closing the cycle.  
 
Figure 4.4: General trajectory of forces in the machine.  
Source: Own elaboration. 
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As it will be explained in more detail in further sections of the chapter the machine has 
several parts with different functions to reach its purpose. In the following figure it can 
be seen a general view of the pieces of the machine: 
 
Figure 4.5: Parts of the machine.  
Source: Own elaboration. 
 
The dimensions of the machine are shown in the next picture, indeed in next chapters it 
will be more accurately detailed: 
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Figure 4.6: General dimensions of the machine.  
Source: Own elaboration. 
 
4.3. Pieces  
 
In this section it will be explained in detail all the pieces that conform the pullout 
machine: 
4.3.1. Concrete block and reinforced steel headed bar 
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In fact this is not a part of the machine, but the concrete block and the reinforced steel 
headed bar are the elements that receive to the tensile force applied for the machine 
and it’s were the analysis has been carried out. 
The steel bar has ribs on the upper part where it’s subjected by the machine, but it is 
plane on the embedded part in concrete: 
 
Figure 4.7: Parts of the reinforced steel bar.  
Source: Own elaboration. 
The dimensions of the regular concrete block + steel bar system are the following: 
 
Figure 4.8: Concrete block + reinforced steel bar system.  
Source: Own elaboration. 
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The different concrete block + steel bar systems used for every different head diameter 
are shown in the following picture: 
 
Figure 4.9: Different concrete block + reinforced steel bar systems tested.  
Source: Own picture. 
 
4.3.2. L 80x80x6 beams 
 
The L beams are the lowest part of the pullout machine. There are two L beams. They 
are placed between the lower UPE beams and the concrete block and its function is to 
transfer the tension coming from the UPE beams to the concrete block, as we as stabilize 
all the machine. 
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Figure 4.10: L beam.  
Source: Own picture. 
 
The dimensions of the section two L beams are 80x80x6 mm and the length of each one 
is 800 mm as it can be seen in the following figure: 
 
Figure 4.11: Dimensions of the L beams.  
Source: Own elaboration. 
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4.3.3. Lower UPE 100 beams 
 
The lower UPE beams are the longest beams are the longest beams of the machine. 
There are four lower UPE beams, two every two sides of the machine. They are angled 
and placed between the L beams and the plate that connects them with upper parts of 
the machine. Their function is to transfer the tension coming from the plates to the L 
beams. 
 
Figure 4.12: Four lower UPE beams.  
Source: Own picture. 
 
The dimensions of the section are the ones from a UPE 100 and each beam needs a hole 
of 16 mm in the lower part for further introduction of the threaded rods. All the other 
dimensions they can be seen in the following figure: 
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Figure 4.13: Dimensions of the lower UPE beams.  
Source: Own elaboration. 
 
4.3.4. Threaded rods 8.8 
 
The threaded rods are flexible steel rods that give lateral stability to the machine. There 
are two threaded rods and they are placed at the lower part of the lower UPE beams. 
 
Figure 4.14: Threaded rod.  
Source: Own picture. 
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The dimensions of the section are the ones from a threaded rod 8.8. The length of each 
one is 620 mm and the diameter 16 mm as it can be seen in the following figure: 
 
Figure 4.15: Dimensions of the threaded rods.  
Source: Own elaboration. 
 
4.3.5. Plates between lower UPE beams and middle HEA beam 
 
The metal plates between lower UPE beams and HEA beam are connection pieces 
among this two kind of beams. There are two plates and they are placed at the upper 
part the lower UPE beams. Its function is pure connection between pieces, giving more 
surface area to the lower UPE beams for further introduction of bolts for assembling 
with the middle HEA beam, and it will be more explained in detail in the next chapter 
dedicated to connections. 
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Figure 4.16: Plate between lower UPE beams and middle HEA beam.  
Source: Own picture. 
 
The dimensions of the plates are 120x100x12 mm, there are also four holes of diameter 
20 mm for further introduction of bolts, as it can be seen in the following figure: 
 
Figure 4.17: Dimensions of the plates between lower UPE beams and middle HEA 
beam.  
Source: Own elaboration. 
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4.3.6. Middle HE100A beam with its diaphragms 
 
The middle HEA beam is the piece that closes the circle of the lower part along with the 
plate, the lower UPE beams and the L beams, as it will be explained in more detail in 
chapter 4.5. It’s the piece that support the cylinder. 
To help to support the tensions in a better way it has two metal diaphragms located in 
the center of the beam at each side of the web. 
 
Figure 4.18: Middle HEA beam with its diaphragms.  
Source: Own picture. 
 
The dimensions of the section are the ones from a HE100A but with a 75⁰ angled section 
at the edges. The length of the beam at its maximum is 400 mm. There are also eight 
holes of diameter 20 mm for further introduction of bolts.  
The diaphragms dimensions are 80 mm of height and 5 mm of thickness, as it can be 
seen in the following figure: 
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Figure 4.19: Dimensions of the middle HEA beam with its diaphragms.  
Source: Own elaboration. 
 
4.3.7. Steel bar to Cardan joint connection piece 
 
The steel bar to cardan joint connection piece is the union of the steel reinforced bar 
with the machine. It’s a very important piece because all the pullout force created by 
the machine will be applied to the steel bar by this piece.  
It is a removable piece and there are as many pieces as concrete bloc + steel reinforced 
bars to test, so it will only be used once. 
The piece consist on an upper metal plate with a welded inverted U metal piece: 
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Figure 4.20: Different steel bar to Cardan joint connection pieces.  
Source: Own picture. 
 
The dimensions of the upper plate are 200 mm of diameter and 16 mm of thickness. The 
plate has also six holes of diameter 20 mm for further introduction of bolts. 
The lower U inverted part has the dimensions shown in the following figure: 
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Figure 4.21: Dimensions of the middle HEA beam with its diaphragms.  
Source: Own elaboration. 
 
4.3.8. Cardan joint 
 
The Cardan joint is the most complex piece of the machine. It’s a metal joint composed 
of several part different parts. Its function is to allow the machine apply the pullout force 
supporting the torque and being able to move in all directions. 
The Cardan joint is a symmetric piece composed of three plates and several hinges and 
rods between them. 
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Figure 4.22: Cardan joint.  
Source: Own picture. 
 
The dimensions of the upper and lower plate are 200 mm of diameter and 16 mm of 
thickness. The plates have also six holes of diameter 20 mm for further introduction of 
bolts. The middle plate has a diameter of 120 mm and 20 mm of thickness. 
The dimensions of the hinges and the rods will be shown in the following figures, the 
first figure shows the whole Cardan joint and the last one the interior piece of the joint: 
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Figure 4.23: Dimensions of the whole Cardan joint.  
Source: Own elaboration. 
 
Figure 4.24: Dimensions of the interior piece of the Cardan joint.  
Source: Own elaboration. 
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4.3.9. Pipe and plate 
 
The Cardan joint is connected with the upper part of the machine by one bolted metal 
plate and a metal pipe. The function of the metal pipe is to connect the Cardan joint 
with the lower HEA beam avoiding the direct contact between them. If the Cardan joint 
and the lower HEA beam would touch each other the HEA beam would cover at least 
two whole in the plate where the further bolts will be placed, so the metal pipe is an 
optimal solution for the problem. 
 
 
Figure 4.25: Pipe and plate.  
Source: Own picture. 
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The dimensions of the metal plate are the same as the upper plate of the Cardan joint, 
200 mm of diameter and 16 mm of thickness with six holes of diameter 20 mm for 
further introduction of bolts. 
The dimensions of the metal pipe are the ones from a 76/5 pipe with 100 mm of height, 
76 mm of exterior diameter and 5 mm of thickness, as it can be seen in the following 
picture: 
 
Figure 4.26: Dimensions of the pipe and the plate.  
Source: Own elaboration. 
 
4.3.10. Upper and lower HE100A beam with its diaphragms 
 
The lower and the upper HEA beam are exactly the same piece. Both beams they close 
the circle of the upper part of the machine along with the upper UPE beams, the pipe 
and the plate, as it will be explained in more detail in chapter 4.5. 
The two beams are connected between them by two UPE beams as it will be seen in the 
next section. 
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To help to support the tensions in a better way it has two metal diaphragms located in 
the center of each beam at each side of the web. 
In the following images it will be seen the upper and the lower HEA beams: 
 
Figure 4.27: Upper HEA beam with its diaphragms.  
Source: Own picture. 
 
Figure 4.28: Lower HEA beam with its diaphragms.  
Source: Own picture. 
 
The dimensions of the section are the ones from a HE100A with a length of 350 mm.  
The diaphragms dimensions are 80 mm of height and 5 mm of thickness, as it can be 
seen in the following figure: 
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Figure 4.29: Dimensions of the upper and lower HEA beam with its diaphragms.  
Source: Own elaboration. 
 
4.3.11. Upper UPE 100 beams 
 
The upper UPE beams are exactly the same piece but each one looking to opposite 
directions. Both beams they close the circle of the upper part of the machine along with 
the upper and lower HEA beams, the pipe and the plate, as it will be explained in more 
detail in chapter 4.5. 
The two beams are connected between them by the two HEA beams as it will be seen 
in the next section. 
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Figure 4.30: Upper UPE beams.  
Source: Own picture. 
 
The dimensions of the section are the ones from a UPE100 with a length of 728 mm.  
 
Figure 4.31: Dimensions of the upper UPE beams.  
Source: Own elaboration. 
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4.3.12. Cylinder 
 
The cylinder is a really heavy piece placed over the middle HEA beam. The function of 
the cylinder is to apply the force to the whole machine due to the bomb. The cylinder 
has two parts: a hollow cylinder exterior part and a massive cylinder interior part. 
 
Figure 4.32: Cylinder.  
Source: Own picture. 
 
The dimensions of the cylinder are 300 mm of height and 200 mm of diameter. 
 
4.3.13. Load cell 
 
The load cell is a measurement device placed between the cylinder and the upper HEA 
beam. Its function is to measure the applied load to the machine. The load cell has three 
parts of different dimensions. 
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Figure 4.33: Load cell.  
Source: Own picture. 
 
The dimensions of the load cell are:  
- The upper piece: height 30 mm and diameter 100 mm. 
- The central piece: height 180 mm and diameter 150mm 
- The lower piece: height 40 mm and diameter almost 150 mm. 
That makes the whole load cell has a total height of 250 mm. 
 
4.4. Connections  
 
In this section it will be explained in detail all the connections between all the pieces 
that conform the pullout machine: 
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4.4.1. Connection between L beams and concrete block 
 
L beams are the lowest parts of the machine so they are to ones that are in contact with 
the concrete block. This connection is carried out by a simple support, fitting the L shape 
of the beam with the corner of the concrete block, as it can be seen in the following 
figure: 
 
Figure 4.34: Connection between L beam and concrete block.  
Source: Own picture. 
 
4.4.2. Connection between L beams and lower UPE beams 
 
The four lower UPE beams that lie over the two L beams are connected between them 
by a weld of 6 mm all around the perimeter of the UPE 100 section, as it can be seen in 
the following figure: 
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Figure 4.35: Connection between L beam and lower UPE beam.  
Source: Own picture. 
 
4.4.3. Connection between threaded rods and lower UPE beams 
 
The four lower UPE beams are stabilized laterally by two steel threaded rods. The 
connections between the threaded rod 8.8 and the UPE 100 beam is carried out by nuts 
for bolts M16 at each side of the web of the beam, as it can be seen in the following 
figure: 
 
Figure 4.36: Connection between threaded rod and lower UPE beams.  
Source: Own picture. 
 - 72 - 
 
4.4.4. Connection of lower UPE beams between them at the upper part 
 
Each pair of two lower UPE beams is connected at the upper part of them by a weld of 
6 mm over the contour of the web and one of the flanges of the inclined beams, as it 
can be seen in the following figure: 
 
Figure 4.37: Connection of lower UPE beams between them at the upper part.  
Source: Own picture. 
 
4.4.5. Connection between lower UPE beams and connection plate 
 
The lower UPE beams are connected with the plate (plate that connects lower UPE 
beams and middle HEA beams) by a weld of 6 mm all around the perimeter of the joined-
in-the-upper-part UPE 100 section, as it can be seen in the following figure: 
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Figure 4.38: Connection between lower UPE beams and the connection plate.  
Source: Own picture. 
 
4.4.6. Connection between middle HEA beam and connection plate 
 
In order to do a removable connection between the lower UPE beams with the middle 
HEA beam, the connection plate is used. As it has been said in the previous section the 
lower UPE beams are welded to the plate and the plate is bolted with the middle HEA 
beam with bolts M20.  
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Figure 4.39: Connection between middle HEA beam and connection plate.  
Source: Own picture. 
 
In the following figure it will be shown the representation of the welds and the bolts of 
the system lower UPE beams + plate + middle HEA beam: 
 
Figure 4.40: Welds and bolts of the connection between lower UPE beams, plate and 
middle HEA beam.  
Source: Own elaboration. 
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4.4.7. Connection between HEA beams and its diaphragms 
 
Both three HEA beams used in the machine they have welded diaphragms to help the 
beams to support the stresses applied. The metal diaphragms are welded with 6 mm all 
around the contact between them and the web and the flanges of the HEA beams. 
 
Figure 4.41: Connection between middle HEA beam and its diaphragm.  
Source: Own picture. 
 
All the HEA beams used are HE100A so all the sections are the same and consequently 
all the diaphragms too. In the following figure it will be shown the representation of the 
welds between the middle HEA beam and its diaphragms: 
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Figure 4.42: Welds of the connection between middle HEA beam and its diaphragm. 
Source: Own elaboration. 
 
4.4.8. Connections involving the steel bar to Cardan joint connection pieces 
 
Between the Cardan joint and the steel reinforced bar there are two pieces that conform 
the connection: a plate and a metal inverted U piece.  
The plate is bolted with the Cardan joint at the upper part and welded with the inverted 
U piece at the lower part, all around the perimeter of the piece. 
The inverted U piece is welded with the steel bar in four different points with length of 
100 mm. 
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Figure 4.43: Welds of the connection between inverted U piece with the plate and the 
steel bar, as well as the bolts between the plate and the Cardan joint.  
Source: Own elaboration. 
 
In the following image it will be shown the representation of the welds and bolts 
concerning the plate and the inverted U piece: 
 
Figure 4.44: Welds and bolts involving the steel bar to Cardan joint connection pieces. 
Source: Own elaboration. 
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4.4.9. Connections involving Cardan joint 
 
The Cardan joint is the most complex piece of the pullout machine so it is also the piece 
with more variety and amount of different connections between its pieces and the 
surrounding pieces. 
The upper and lower plates of the Cardan joint are bolted with bolts M20 with the 
adjacent plates in one side. In the other side they are welded with the hinges. 
The different hinges are connected by steel rods. 
The middle plate is also welded with the hinges. 
In the following two figures it will be shown the welds and the bolts of the whole Cardan 
joint in the first one, and the interior piece of the joint in the last one: 
 
Figure 4.45: Welds and bolts involving Cardan joint.  
Source: Own elaboration. 
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Figure 4.46: Welds and bolts involving Cardan joint’s interior piece.  
Source: Own elaboration. 
 
4.4.10. Connections involving the pipe  
 
The metal pipe is a connection piece that is welded in both edges. At the bottom it is 
welded all around the perimeter with the plate that connects with the Cardan joint. At 
the top it is welded also all around the perimeter with the lower HEA beam. 
 
Figure 4.47: Connection between the metal pipe and the surrounding pieces.  
Source: Own picture. 
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4.4.11. Connections between the upper UPE beams and the upper and lower HEA beams 
 
The two upper UPE beams are both welded (6 mm) with the lower HEA beam and the 
upper HEA beam all around the perimeter of the section UPE 100, as it can be seen in 
the following figure: 
 
Figure 4.48: Connection between the upper UPE beam and the lower HEA beam.  
Source: Own picture. 
 
4.4.12. Connections between middle HEA beam and cylinder 
 
The cylinder is a really heavy piece and its connection with the middle HEA beam will be 
a simple support, as it can be seen in the following figure: 
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Figure 4.49: Connection between middle HEA beam and cylinder.  
Source: Own picture. 
 
4.4.13. Connections involving the load cell 
 
The load cell is placed between the cylinder and the upper HEA beam and its connections 
between both pieces are simple support, as it can be seen in the following figure: 
 
Figure 4.50: Connections involving the load cell.  
Source: Own picture. 
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4.5. Construction and assembly  
 
After ending the design the plans were sent to a workshop where all the pieces were 
built. Once the pieces were moved from the workshop to the Experimental Centre in the 
Faculty of Civil Engineering the pullout machine was assembled in the following phases: 
Phase 1: assembly of the lower part of the machine 
The first step that was done in this phase was the placement of the L beams (welded 
with two UPE beams at their edge) simply supported with the concrete block in two of 
the four borders.  
To make L Beam + UPE beams + end plate system more stable, in order to be able to 
introduce the threaded rods in the next step, it was threaded the middle HEA beam on 
the top of the end plate provisionally: 
 
Figure 4.51: Placement of the L beam + UPE beams + end plate system.  
Source: Own picture. 
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The next and final step of the phase was based in the placement the threaded rods that 
stabilize the UPE beams: 
 
Figure 4.52: Placement of the threaded rods.  
Source: Own picture. 
Phase 2: placement of the upper part of the machine 
As the lower part of the machine was already assembled and fixed with the threaded 
rods, it was time to withdraw the provisionally threaded middle HEA beam to place the 
upper system of the machine consisting of a welded quadrilateral of HEA beams and 
UPE beams plus a plate and a pipe welded on the lower HEA beam. 
When the upper system was placed it was time to thread the middle HEA beam now 
permanently.  
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Figure 4.53: Placement of the upper system and final screw of the middle HEA beam. 
Source: Own picture. 
 
Phase 3: assembly of the cardan joint to the plate of the upper system 
As upper part of the machine was already placed between the lower UPE beams and the 
middle HEA beam it was time for assembling the cardan joint screwing it with the lower 
plate of the upper system of the machine: 
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Figure 4.54: assembly of the Cardan joint to the plate of the upper system.  
Source: Own picture. 
 
Phase 4: placement of the cylinder and the load cell 
The cylinder is a really heavy piece, so in order to place it above the middle HEA beam it 
was needed a crane, as it can be seen in the following figure: 
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Figure 4.55: Placement of the cylinder.  
Source: Own picture. 
 
Above the cylinder it was placed the load cell finishing the whole upper part of the 
machine: 
 
Figure 4.56: Placement of the load cell.  
Source: picture. 
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Phase 5: assembly of the connection piece between the steel bar and the 
Cardan joint 
The assembly by bolts (of the previously welded with the steel bar) of the connection 
piece between the steel bar and the Cardan joint is the last step of the assembly of the 
machine.  
 
Figure 4.57: Assembly of the connection piece between the steel and the Cardan joint. 
Source: Own picture. 
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CHAPTER 5: EXPERIMENTAL METHODOLOGY 
 
 
5.1. Introduction  
 
In this chapter it will be described the pullout test carried out in the Experimental Centre 
in the Faculty of Civil Engineering of the Czech Technical University. The purpose of the 
study of the nondestructive testing of concrete and the pullout tests as well as the 
design of the pullout machine was the realization of this test. 
Firstly there is going to be a brief description of the elements to test, for further 
description of the preparation and realization of the pullout test. 
 
5.2. Description of the elements to test  
 
In order to analyses the tensile capacity of an embedded headed anchor stud in concrete 
the elements to test are the following: 
- Concrete block: all the concrete blocks are made by the same type of concrete 
and they all have the same dimensions (800x800x300mm). The concrete type is 
C30/37, according to ETAG it has an intermediate strength for the usual type of 
concrete used in these kind of tests (the range is between C20/25 and C50/60). 
- Reinforced steel headed bar: all the reinforced steel headed bars are made by 
the same steel, they have the same diameter (20mm), they have the same 
embedment depth (100mm) but in every test each steel bar will have a different 
head diameter (30mm, 60mm and 100mm). The thickness of the embedded 
head is also the same for all the tests (20mm). The type of steel is B500b. 
5.3. Previous preparations  
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Before starting to test the steel reinforced bar embedded in concrete and assembly of 
the sensors to measure the results gas to be carried out. This procedure will be done 
before each test. 
Phase 1: drawing of the measured points in the concrete surface 
The first thing that was done before each test was drawing in the concrete block surface 
the points that were going to be measured.  
In our case in every test there were measured four points always in the same position 
and distance from the steel bar. The distance from the steel bar to the points were: 
50mm, 100mm, 150mm and 200mm.  
The distribution of the points can be seen in the following picture: 
 
Figure 5.1: Measured point in the surface.  
Source: Own picture. 
Phase 2: placement of the auxiliary beams 
 - 90 - 
 
In order to place the measurement devices the exact places to reach the points drawn 
in the first phase, auxiliary beams have to be placed. 
There were placed four auxiliary beams, two subjected to the lower UPE beams, and 
two more above the other ones. 
 
Figure 5.2: Auxiliary beams.  
Source: Own picture. 
 
Phase 3: placement of the measurement devices 
Once placed the auxiliary beams it was time of placing the measurement devices, glued 
magnetically to the beams. There were two kinds: 
- The four lower measurement devices, that touched directly the measurement 
points: 
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Figure 5.3: Lower measurement devices.  
Source: Own picture. 
 
- The three upper measurement devices, that were placed on the bolts of the 
Cardan joint, forming an angle of 120⁰ from the center: 
 
Figure 5.4: Upper measurement devices.  
Source: Own picture. 
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Figure 5.5: Placement of upper measurement devices.  
Source: Own picture. 
 
Phase 4: connection of the measurement devices to the equipment 
One placed all the measurement devices it was time to connect them (the lower 
measurement devices, the upper measurement devices but also the load cell) to the 
measurement equipment:  
 
Figure 5.6: Measurement equipment.  
Source: Own picture. 
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Phase 5: connection of the bomb 
The final step before starting the test is the connection of the bomb the cylinder to apply 
the pressure to the machine: 
 
Figure 5.7: Pressure bomb.  
Source: Own picture. 
 
5.4. Testing campaign  
 
The testing campaign consisted of six tests with the designed pullout machine. The 
difference between the test was the different diameter of the embedded head of the 
reinforced steel bar. 
The test 1 and 5 were with head diameter of 30 mm, the test 2 and 4 were with head 
diameter 60 mm and finally the tests 3 and 6 were with head diameter 100 mm. 
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5.4.1. Test 1 
 
The test 1 was the first test and the first time that the pullout machine was used. For 
this first test it was used the head diameter of 30 mm. 
During the test the machine functioned properly and the pullout force was applied 
correctly. Unfortunately there was a problem with the head and bar connection and the 
results of the test weren’t useful. 
As a result of the test a pullout of the bar, the head and a concrete cone was expected. 
But due to the bad connection the bar pullout itself letting the head embedded and the 
concrete without the cone breaking, as it can be seen in the following figure: 
 
Figure 5.8: Test 1 pulled out bar.  
Source: Own picture. 
 
The problem of the connection between the head and the steel reinforced bar that 
caused the breaking and separation of the parts was that the weld between both parts 
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was two small to support the tension. The weld was three times smaller than the 
designed one, as it can be seen in the following picture: 
 
Figure 5.9: Excessive small weld at the end of the bar.  
Source: Own picture. 
 
So finally this test ended with none useful results. 
 
5.4.2. Test 2 
 
For the test 2 it was used the head diameter of 60 mm. 
During the test the machine functioned properly, the pullout force was applied correctly 
and this time the weld between the bead and the steel reinforced bar didn’t break. The 
steel bar and the head broke the concrete in cone shape as expected. 
In the following image it can be seen the moment were the concrete breaks and the 
cone is pulled out, as well as the final crater created: 
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Figure 5.10: Test 2 concrete cone pulled out.  
Source: Own picture. 
 
Figure 5.11: Test 2 crater.  
Source: Own picture. 
 
So this time the results obtained by the measurement devices were useful. 
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5.4.3. Test 3 
 
For the test 3 it was used the head diameter of 100 mm. 
During the test the machine functioned properly and the pullout force was applied 
correctly. But unfortunately, like in test 1, there was a problem with the head and bar 
connection and the results of the test weren’t useful. 
 
Figure 5.12: Test 3 pulled out bar.  
Source: Own picture. 
 
5.4.4. Test 4 
 
For the test 4 it was used the head diameter of 60 mm. 
During the test the machine functioned properly, the pullout force was applied correctly 
and this time the weld between the bead and the steel reinforced bar didn’t break. The 
steel bar and the head broke the concrete in cone shape as expected. 
In the following image it can be seen the moment were the concrete breaks and the 
cone is pulled out, as well as the final crater created: 
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Figure 5.13: Test 4 concrete cone pulled out.  
Source: Own picture. 
 
Figure 5.14: Test 4 crater.  
Source: Own picture. 
 
So this time the results obtained by the measurement devices were useful. 
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5.4.5. Test 5 
 
For the test 5 it was used the head diameter of 30 mm. 
During the test the machine functioned properly, the pullout force was applied correctly 
and this time the weld between the bead and the steel reinforced bar didn’t break. The 
steel bar and the head broke the concrete in cone shape as expected. 
In the following image it can be seen the moment were the concrete breaks and the 
cone is pulled out, as well as the final crater created: 
 
Figure 5.15: Test 5 concrete cone pulled out.  
Source: Own picture. 
 
Figure 5.16: Test 5 crater.  
Source: Own picture. 
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So this time the results obtained by the measurement devices were useful. 
 
5.4.6. Test 6 
 
For the test 6 it was used the head diameter of 100 mm. 
During the test the machine functioned properly and the pullout force was applied 
correctly. But unfortunately, like in test 1 and test 3, there was a problem with the head 
and bar connection and the results of the test weren’t useful. 
 
 
Figure 5.17: Test 6 pulled out bar.  
Source: Own picture. 
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5.5. Conclusion  
 
As conclusions extracted from the testing campaign, the most important thing is the 
remark of how important is a good weld between the head and the steel reinforced bar. 
Due to the bad weld three of the six tests done (tests 1, 3 and 6) didn’t have useful 
results. But the ones that went properly (tests 2, 4 and 5), had useful results and they 
are going to be studied in the following chapter. 
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CHAPTER 6: RESULTS AND ANALYSIS 
 
 
6.1. Introduction  
 
In this last chapter before the conclusions it will be detailed the results of the successful 
test from the previous testing campaign. As we saw in the previous chapter there were 
only useful results from tests 2, 4 and 5. So the tests 1, 3 and 6 won’t be taken into 
account in the following chapter. 
After the results it will be proceeded an analysis of them. 
 
6.2. Results and analysis 
 
In this section it will be detailed the results from test 2, 4 and 5. Firstly it will be shown 
the different measurement taken from the crater and later the data taken from the 
measurement devices. 
 
6.2.1. Results and analysis of test 2 
 
The test 2, for which it was used the head diameter of 60 mm, has the following results: 
Measurements from the crater: 
In the test 2 it was successfully pulled put the steel bar along with the head and the 
concrete cone. When the cone was taken away the resulting crater had the following 
dimensions and shape: 
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Figure 6.1: Test 2 analysis of the crater.  
Source: Own modified picture. 
 
The measurements from the crater were taken from the lines showed in the previous 
picture every 50 mm. The shapes of the breaking surface of the lines are the following: 
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Figure 6.2: Test 2 shape of the lines of the crater.  
Source: Own elaboration. 
 
In the following figure it can be spotted the isolines from the plant of the crater every 
20 mm, starting from 120 mm in the center to 0 at the surface (120 mm, 100 mm, 80 
mm, 60 mm, 40 mm, 20 mm, 0):  
 
Figure 6.3: Test 2 isolines of the crater every 20 mm.  
Source: Own elaboration. 
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The results of the measurements of the lines are the following:  
 
Line H left side (L=300 mm) Line H right side (L=250 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 112 50 92 
100 102 100 73 
150 76 150 58 
200 50 200 43 
250 36 250 0 
300 0   
Table 6.1: Test 2 results of the H line of the crater.  
Source: Own elaboration. 
Line V lower side (L=330 mm) Line V upper side (L=300 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 97 50 92 
100 78 100 74 
150 56 150 64 
200 33 200 40 
250 22 250 23 
300 8 300 0 
330 0   
Table 6.2: Test 2 results of the V line of the crater.  
Source: Own elaboration. 
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Line D1 left side (L=300 mm) Line D1 right side (L=250 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 88 50 107 
100 56 100 96 
150 30 150 94 
200 18 200 72 
250 10 250 0 
300 0   
Table 6.3: Test 2 results of the D1 line of the crater.  
Source: Own elaboration. 
Line D2 left side (L=290 mm) Line D2 right side (L=340 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 103 50 109 
100 84 100 86 
150 50 150 73 
200 29 200 44 
250 18 250 33 
290 0 300 8 
  340 0 
Table 6.4: Test 2 results of the D2 line of the crater.  
Source: Own elaboration. 
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Data from the measurement devices: 
- Upper measurement devices: 
First it’s going to be plotted the results from average of the three upper measurement 
devices. In the following figure it’s going to be represented the relationship between the 
applied force and the vertical displacement of the steel headed bar:  
 
Figure 6.4: Test 2 force-displacement graph upper measurement devices.  
Source: Own elaboration. 
 
In the graph it can be seen that the displacement increases with the force in a quite 
linear slope way till the force reaches 128’23 kN (the moment when the concrete 
cracks). At that maximum force the relation changes the sign of the slope and the 
displacements increases as the force decreases due to the breaking of the cone, 
although the slope of the decreasing is very similar from the increasing one. At force 50 
kN the concrete cone separates completely from the concrete block and it start a phase 
with a high increase of the displacement with very low force applied.  
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- Lower measurement devices: 
Finally it’s going to be plotted the results from the four lower measurement devices. In 
the following figure it’s going to be represented the relationship between the applied 
force and the vertical displacement of the four chosen point with distance 50 mm, 100 
mm, 150 mm and 200 mm from the center of the steel bar: 
 
Figure 6.5: Test 2 force-displacement graph lower measurement devices.  
Source: Own elaboration. 
 
In the graph it can be seen that the relationship between the applied force and the 
displacement is quite similar from the central one, measured with the upper 
measurement devices. There isn’t much difference between the four measured points 
because the upper surface of the concrete cone is bigger than the further 200 mm point.  
In the graph it can be seen that at the lower part the displacements come back to the 
initial point with force 0. This part of the graph doesn’t have to be taken into account 
because these devices were taken out from the surface of the concrete block when the 
cone pulled out from it. So the only values that have sense are the ones till the maximum 
displacements. 
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6.2.2. Results and analysis of test 4 
 
The test 4, for which it was used the head diameter of 60 mm, has the following results: 
Measurements from the crater: 
In the test 4 it was successfully pulled put the steel bar along with the head and the 
concrete cone. When the cone was taken away the resulting crater had the following 
dimensions and shape: 
 
Figure 6.6: Test 4 analysis of the crater.  
Source: Own modified picture. 
The measurements from the crater were taken from the lines showed in the previous 
picture every 50 mm. The shapes of the breaking surface of the lines are the following: 
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Figure 6.7: Test 4 shape of the lines of the crater.  
Source: Own elaboration. 
 
In the following figure it can be spotted the isolines from the plant of the crater every 
20 mm, starting from 120 mm in the center to 0 at the surface (120 mm, 100 mm, 80 
mm, 60 mm, 40 mm, 20 mm, 0):  
 
Figure 6.8: Test 4 isolines of the crater every 20 mm.  
Source: Own elaboration. 
 - 111 - 
 
The results of the measurements of the lines are the following: 
 
Line H left side (L=350 mm) Line H right side (L=350 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 83 50 85 
100 50 100 55 
150 37 150 33 
200 33 200 26 
250 15 250 18 
300 5 300 5 
350 0 350 0 
Table 6.5: Test 4 results of the H line of the crater.  
Source: Own elaboration. 
Line V lower side (L=180 mm) Line V upper side (L=300 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 80 50 70 
100 35 100 58 
150 18 150 36 
180 0 200 20 
  250 18 
  300 0 
Table 6.6: Test 4 results of the V line of the crater.  
Source: Own elaboration. 
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Line D1 left side (L=250 mm) Line D1 right side (L=320 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 88 50 84 
100 48 100 50 
150 37 150 35 
200 22 200 21 
250 0 250 17 
  300 5 
  320 0 
Table 6.7: Test 4 results of the D1 line of the crater.  
Source: Own elaboration. 
Line D2 left side (L=350 mm) Line D2 right side (L=250 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 88 50 95 
100 77 100 63 
150 63 150 35 
200 42 200 10 
250 25 250 0 
300 10   
350 5   
370 0   
Table 6.8: Test 4 results of the D2 line of the crater.  
Source: Own elaboration. 
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Data from the measurement devices: 
- Upper measurement devices: 
First it’s going to be plotted the results from average of the three upper measurement 
devices. In the following figure it’s going to be represented the relationship between the 
applied force and the vertical displacement of the steel headed bar:  
 
Figure 6.9: Test 4 force-displacement graph upper measurement devices.  
Source: Own elaboration. 
 
In the graph it can be seen that the displacement increases with the force in a quite 
linear slope way till the force reaches 122’18 kN (the moment when the concrete 
cracks). At that maximum force the relation changes the sign of the slope and the 
displacements increases as the force decreases due to the breaking of the cone, 
although the slope of the decreasing is very similar from the increasing one. At force 20 
kN the concrete cone separates completely from the concrete block and it start a phase 
with a high increase of the displacement with very low force applied.  
- Lower measurement devices: 
Finally it’s going to be plotted the results from the four lower measurement devices. In 
the following figure it’s going to be represented the relationship between the applied 
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force and the vertical displacement of the four chosen point with distance 50 mm, 100 
mm, 150 mm and 200 mm from the center of the steel bar: 
 
Figure 6.10: Test 4 force-displacement graph lower measurement devices.  
Source: Own elaboration. 
 
In the graph it can be seen that in all the points the behavior is very similar except in the 
point that is 150 mm from the center, where the displacements are bigger. That 
happened because of the shape of the pulled out concrete cone that affected more this 
point than the others. 
 
6.2.3. Results and analysis of test 5 
 
The test 5, for which it was used the head diameter of 30 mm, has the following results: 
Measurements from the crater: 
In the test 4 it was successfully pulled put the steel bar along with the head and the 
concrete cone. When the cone was taken away the resulting crater had the following 
dimensions and shape: 
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Figure 6.11: Test 5 analysis of the crater.  
Source: Own modified picture. 
The measurements from the crater were taken from the lines showed in the previous 
picture every 50 mm. The shapes of the breaking surface of the lines are the following: 
 
Figure 6.12: Test 5 shape of the lines of the crater.  
Source: Own elaboration. 
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In the following figure it can be spotted the isolines from the plant of the crater every 
20 mm, starting from 120 mm in the center to 0 at the surface (120 mm, 100 mm, 80 
mm, 60 mm, 40 mm, 20 mm, 0):  
 
Figure 6.13: Test 5 isolines of the crater every 20 mm.  
Source: Own elaboration. 
The results of the measurements of the lines are the following: 
Line H left side (L=370 mm) Line H right side (L=330 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 73 50 94 
100 60 100 75 
150 47 150 52 
200 43 200 40 
250 30 250 39 
300 20 300 33 
350 5 330 0 
370 0   
Table 6.9: Test 5 results of the H line of the crater.  
Source: Own elaboration. 
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Line V lower side (L=350 mm) Line V upper side (L=380 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 80 50 80 
100 48 100 65 
150 37 150 46 
200 25 200 33 
250 20 250 25 
300 5 300 15 
350 0 350 5 
  380 0 
Table 6.10: Test 5 results of the V line of the crater.  
Source: Own elaboration. 
Line D1 left side (L=400 mm) Line D1 right side (L=330 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 84 50 91 
100 62 100 78 
150 35 150 68 
200 30 200 55 
250 20 250 40 
300 14 300 22 
350 8 330 0 
400 0   
Table 6.11: Test 5 results of the D1 line of the crater.  
Source: Own elaboration. 
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Line D2 left side (L=370 mm) Line D2 right side (L=400 mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
Distance from the centre 
(mm) 
Depth 
(mm) 
0 120 0 120 
50 80 50 80 
100 63 100 55 
150 40 150 45 
200 30 200 33 
250 29 250 24 
300 22 300 18 
350 15 350 6 
370 0 400 0 
Table 6.12: Test 5 results of the D2 line of the crater.  
Source: Own elaboration. 
 
Data from the measurement devices: 
- Upper measurement devices: 
First it’s going to be plotted the results from average of the three upper measurement 
devices. In the following figure it’s going to be represented the relationship between the 
applied force and the vertical displacement of the steel headed bar:  
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Figure 6.14: Test 5 force-displacement graph upper measurement devices.  
Source: Own elaboration. 
 
In the graph it can be seen that the displacement increases with the force in a quite 
linear slope way till the force reaches 127’41 kN (the moment when the concrete 
cracks). At that maximum force the relation changes the sign of the slope and the 
displacements increases as the force decreases due to the breaking of the cone, 
although the slope of the decreasing is very similar from the increasing one. At force 20 
kN the concrete cone separates completely from the concrete block and it start a phase 
with a high increase of the displacement with very low force applied.  
 
- Lower measurement devices: 
Finally it’s going to be plotted the results from the four lower measurement devices. In 
the following figure it’s going to be represented the relationship between the applied 
force and the vertical displacement of the four chosen point with distance 50 mm, 100 
mm, 150 mm and 200 mm from the center of the steel bar: 
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Figure 6.15: Test 5 force-displacement graph lower measurement devices.  
Source: Own elaboration. 
 
In the graph it can be seen that in all the points the behavior is very similar. Furthermore, 
as it has been explained in previous section the lower part of the graph doesn’t have to 
be taken into account. 
 
6.3. Analysis of the tensile capacity  
  
In order to make an analysis of the tensile capacity the best way is to compare the results 
with the ones obtained with the ACI (American Concrete Institute) formulas. According 
to ACI Committee 349, who studied tension loads and developed a cone failure model, 
a safe breaking angle (from the anchor head till the concrete’s surface) to calculate the 
concrete capacity under tensions loading is 45⁰. It the following figure it can be seen the 
graphical representation: 
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Figure 6.16: Concrete breakout bodies due to tensile loading idealized according to ACI 
349.  
Source: ACI Structural Journal. 
 
The formula used by the ACI to compute the pullout force with this safe angle was the 
following: 
𝑁 = 0′96 ∗ √𝑓𝑐𝑐′ ∗ ℎ𝑒𝑓
2 ∗ (1 +
𝑑𝑢
ℎ𝑒𝑓
) 
Where, 
ℎ𝑒𝑓 = 100 𝑚𝑚 
𝑑𝑢 = 30 𝑚𝑚 𝑜𝑟 60 𝑚𝑚 
𝑓𝑐′ = 37 𝑁/𝑚𝑚2 
√𝑓𝑐𝑐′ = 1,18√𝑓𝑐′ = 7,17 𝑁/𝑚𝑚2 
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As we have results from two different diameters to study we will have two values of the 
tensile capacity. In the following table it can be seen the comparison between the results 
from the ACI safe model and the ones from the test campaign: 
Tensile capacity 
(N): 
Test 2 (⌀=60 mm) Test 4 (⌀=60 mm) Test 5 (⌀=30 mm) 
ACI 110’131 kN 110’131 kN 87’481 kN 
Test campaign 128’23 kN 122’18 kN 127’41 kN 
Table 6.13: Comparison of tensile capacity between ACI results and test campaign 
results.  
Source: Own elaboration. 
 
In the previous calculations the ACI values were computed with the theoretical 
compressive strength from the concrete C30/37 (where we use the cube 37 MPa instead 
of the cylinder strength 30 MPA), but in the test there were also measured the actual 
compressive strength so it can be calculated more precisely: 
Compressive 
strength (fc’): 
Test 2 (⌀=60 mm) Test 4 (⌀=60 mm) Test 5 (⌀=30 mm) 
Theoretical  37 MPa 37 MPa  37 MPa  
Test campaign 42’88 MPa 40’59 MPa 43’85 MPa 
Table 6.14: Comparison compressive strength between theoretical values and test 
campaign. 
Source: Own elaboration. 
 
With the exact values of the compressive strength it can be calculated the tensile 
capacity with the ACI formulas more precisely: 
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Tensile capacity 
(N): 
Test 2 (⌀=60 mm) Test 4 (⌀=60 mm) Test 5 (⌀=30 mm) 
ACI 118’579 kN 115’353 kN 97’468 kN 
Test campaign 128’23 kN 122’18 kN 127’41 kN 
Table 6.15: Comparison of tensile capacity between ACI results (with actual 
compressive strength) and test campaign results.  
Source: Own elaboration. 
 
As it can be seen in the table the results of the test campaign are always safer than the 
safe design for the ACI. So it can be stated than the all tests were done with a safe design 
but also with an economical design because there isn’t much difference between the 
theoretical and the obtained ones. 
 
6.4. General analysis  
  
As a final and general analysis of all the useful tests some details have to be underlined: 
- All the test have had almost the same tensile capacity with a maximum applied 
force oscillating between 120 and 130 kN. The maximum force where the 
concrete cracked has been 128’23 kN in the test 2 (diameter of the head 60 mm), 
122’18 kN in the test 4 (diameter of the head 60 mm) and 127’41 kN in the test 
5 (diameter of the head 30 mm). 
- Comparing these pullout forces obtained in the test campaign with the ones 
from a safe analysis with the normative ACI with safe angle of 45⁰, it can be seen 
that the concrete breaks with a higher force in these tests, so they are in the safe 
side. 
- The displacements in the center of the bar caused by the maximum forces are 
almost the same in all the test: 5’16 mm in test 2, 5 mm in test 4 and 4’85 mm in 
test 5. 
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- It can be seen in the following figure that all the three test they have a very 
similar almost identical relationship between the force applied and the vertical 
displacement in the center: 
 
Figure 6.17: All the tests force-displacement comparison graph upper measurement 
devices.  
Source: Own elaboration. 
 
- Although the test 5 was the test with the smallest head diameter (30 mm in front 
of 60 mm both others), it was the test that produced a bigger concrete cone. 
- In all the crater’s profiles and crater’s isolines it can be seen that the breaking 
angle it’s very steep at the beginning but it turns to a flatter one as it goes away 
from the center. Even though there are some exceptions. 
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CHAPTER 7: CONCLUSIONS 
 
 
At the end of this master thesis the final conclusions have to be divided into the two 
main parts: the pullout machine and the test campaign. So this chapter will be focused 
either on how the machine has worked, if the results extracted from the tests have been 
useful and future work that can be done in the field. 
 
7.1. Conclusions of the machine  
 
The major purpose of this master thesis was the design of a pullout machine, for further 
analysis of the tensile capacity of metal anchors in short embedment depths. The final 
design was a success and it accomplished the purpose for what it was built. 
The plans delivered to the workshop which constructed the pieces were detailed enough 
and all of them were constructed almost exactly as in the plans. 
The machine correctly applied the pullout force to the steel headed bar and correctly 
distributed all the forces to the upper part of the machine for further disposal at the 
edges of the concrete block. 
All the pieces worked correctly and supported efficiently the stresses applied to them, 
giving security during the test campaign. 
All the connections between the forming pieces were also strength enough and all the 
welds, the bolts and the supports done its work perfectly. 
During the assembly there were no major problems and, with the aid of a crane due to 
the important weight of some pieces, all the pieces were assembled quite easily and 
quickly. 
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So the final conclusion of the design of the machine is that after a lot of work in different 
designs and modifications, the final one has resulted to be very satisfactory and has 
fulfilled the expectations. 
 
7.2. Conclusions of the tests and pullout resistance  
 
After the design and construction of the machine the other purpose of the master thesis 
was to develop a test campaign with it and extract some results to study the pullout 
resistance of metal anchors embedded in concrete. 
The test campaign consisted in six tests and was finished quite quickly, but not all the 
tests were successful. 
During the experimental program it was expected a concrete cone pullout, but 
unexpectedly three of the six test resulted in a pullout of the steel reinforced bar due to 
the separation between the steel bar and its head. This rupture was caused by the bad 
weld between them, because the weld was not done like in the instructions given to the 
welder, so it showed the importance of a good weld between the parts. 
The three tests that were successful (test 2, test 4 and test 5) gave very useful results. 
The displacement measure sensors and the load cell measured interesting data. In all 
tests the concrete failed at almost the same applied load and with very similar 
displacements. 
With these similar results it can be concluded that the pullout force needed for failure 
of the concrete doesn’t depend too much on the diameter of the head. It also can be 
said that the design of the machine was safe because it was conceived for a pullout force 
of 200 kN but the maximum force applied in all the test was 128 kN. 
Checking the results with safe concrete breaking angle from the normative ACI, it can be 
stated that all the tensile forces applied during the tests are bigger than the normative 
ones, so the design of the test are also safe. Furthermore the tests have shown to be 
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also economical because the difference between the code and the experimental results 
are not significant. 
The influence of the head diameter in the pullout resistance should have been bigger 
than the observed in the tests, but with the few tests undertaken it’s very difficult to 
prove that with larger diameter of the head the force applied to pull put the concrete 
cone needs to be higher. 
So the final conclusion of the test campaign and the pullout resistance of metal anchors 
with short embedment depths in concrete is that the tests that with useful results (due 
to the proper weld between the steel reinforced bar and the head), have shown that the 
embedment depth of 120 mm along with the different diameters of the head (30 mm 
and 60 mm) are safe enough to support forces up to 120 kN without breaking the 
concrete in a rupture cone. The problem is that with the few data collected it is 
impossible to extract definitive conclusions, so future more extensive tests need to be 
carried out. 
 
7.3. Future work  
 
As it has been said in previous sections and chapters the tests done in this master thesis 
were the first ones with the designed pullout machine but they are not enough to study 
the pullout resistance of metal anchors embedded with short depth lengths in concrete 
accurately. 
So the future basically is based in the performance of more tests with different head 
diameters of the metal anchor to have more experimental data. With an extensive data 
and extensive results, better and more precise conclusions will be obtained. 
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